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ABSTRACT
We present the results of a radial-velocity study of ten spectroscopic binaries with
composite spectra that were observed at Observatoire de Haute-Provence with the
CORAVEL instrument. These systems include a cool evolved primary and a hot sec-
ondary of type B or A, and the orbital elements from the cool primaries are presented
for the first time. For three systems, the large mass function implies i ∼ 90◦, with the
possibility of eclipses. Mean angular separations are very small (a ≤ 0.010′′), which
makes those systems resolvable only with multi-pupil large interferometers.
Key words: Stars: composite spectra – Binaries: spectroscopic
1 INTRODUCTION
This paper belongs to a series that concern a spectroscopic
survey of composite spectrum stars with the CORAVEL in-
strument at the Observatoire de Haute-Provence (OHP).
The main purpose was to investigate the frequency of spec-
troscopic binaries among those objects and determine the
corresponding orbital parameters (full description in Car-
quillat et al. 1988, Paper IV). Stars with composite spectra
are usually binaries comprising a red giant or supergiant
primary and a hot secondary near the main sequence. Our
programme has already led to the discovery of new spectro-
scopic binaries (e.g., Ginestet et al., 1999b, Paper VIII). Our
observations revealed that some target objects, classified as
composite spectrum stars in the literature, were actually Am
stars (e.g., Carquillat et al., 1994, Paper VI). We shall end
this series of papers with a statistical study of our results
(Carquillat et al., in preparation).
We present here a radial-velocity study of ten stars from
our survey, namely HD 8226, 32835/6, 45044/5, 55549/50,
55684/5, 59076/7 60966/7, 181731/2, 223932/3, and HD
265334/5. All but one, HD 8226, were listed in Hynek’s
(1938) catalogue of stars with composite spectra which con-
stituted the main source of our sample, but the compos-
ite nature of those stars already appeared in the Henry
Draper Catalogue in which they are listed with a double
number. HD 8226 was first reported as an Am star in the
Hauck (1986) catalogue, but both the aspect of the corre-
lation dips at CORAVEL and the spectra we obtained for
this star, indicate that HD 8226 has indeed a composite
⋆ Based on observations made at the Haute-Provence Observa-
tory (France) and at Cambridge Observatory (U.K.).
spectrum, not an Am spectrum. For eight of those binaries,
we also obtained spectral classifications of both components
from complementary observations carried out at OHP with
the Carelec and Aure´lie spectrographs, using the subtraction
of spectra method (Ginestet & Carquillat, 2002).
Our observations with CORAVEL are presented in Sect. 2.
These show that these stars are spectroscopic binaries (SB)
and the orbital elements of their cool evolved primaries are
determined for the first time. In Sect. 3, we give the spectral
types of these objects. Our recent study (Ginestet & Car-
quillat, 2002) confirmed that they were genuine composite
spectrum stars. We finally examine some physical param-
eters that can be deduced from the orbital parameters in
Sect. 4. Some systems may present eclipses. We also give
estimates of the mean angular separations of the two com-
ponents.
2 OBSERVATIONS AND DERIVATION OF
ORBITAL ELEMENTS
The observations were performed during the period 1981–
1999 at the CORAVEL instrument (Baranne, Mayor, & Pon-
cet 1979) mounted at the Cassegrain focus of the one-meter
Swiss telescope at OHP. CORAVEL is a spectrophotome-
ter that allows measurements of heliocentric radial veloci-
ties (RV s) by performing a cross-correlation of the stellar
spectrum with a physical mask placed in the focal plane
of the spectrograph. For some stars, additional observations
had been carried out in the years 2000-2001 with similar
equipment at Cambridge observatory, owing to the kindness
of R.F. Griffin. Given the nature of the physical mask in
CORAVEL, obtained from the spectrum of Arcturus, we
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only have access to the radial velocities of the cool compo-
nents of the studied binaries. The precision of those RV s
(mean internal standard error), was ∼0.5 km s−1. Notice
that the additional RV s from Cambridge observatory had
to be adjusted by an offset of −0.8 km s−1 to make them con-
sistent with all the others performed at OHP. The OHP data
were kindly reduced by S. Udry, and input into the Geneva
RV data base (Udry, Mayor & Queloz 1999). The orbital
elements of the ten binaries (Table 1) were subsequently cal-
culated by applying the least-squares program BS1 (Nadal
et al. 1979, revised by JLP) to the observed RV s. Except
for one object (HD 32835-6), we assigned the same (unity)
weights to all observations. The RV s and (O−C) residuals
are given in Tables 3 to 12. The computed radial velocity
curves are displayed in Fig. 1 and 2. In Tables 3 to 12, the
observations provided by R.F. Griffin with the CORAVEL
instrument of Cambridge are labeled with c in last column,
those from the ESO CORAVEL with e, and those with the
original Cambridge spectrometer with s. The measurements
obtained with the latter are less precise than those obtained
with CORAVEL instruments. Therefore, we used a weight
of 1/2 for the 3 measurements of HD 32835-6 obtained with
the Cambridge spectrometer.
Note that for all these SB the mean RV residuals (O − C)
are less than or equal to the mean RV errors, which indicates
the absence of detectable third bodies in those systems.
Two systems have a small eccentricity which may be the
sign of a circular orbit:
– HD 59076-7: according to statistical test of Lucy &
Sweeney (1971), the very small eccentricity is significant.
– HDE 265334-5: the same test shows that the value
found (e = 0.007 ± 0.003) is not significant. Therefore, we
have used a circular orbit to fit the data.
3 NOTES FOR INDIVIDUAL SYSTEMS
HD 8226 (HIP 6547). Classified as Am by Abt (1985),
but Ginestet & Carquillat (2002) found a composite spec-
trum ∼G8 III + A0.5 (IV) with ∆mV ≈ 0.3. The star is
also known to be a binary system, ADS 1107 AB (SIM-
BAD), but the visual companion, with ∆mVTycho = 2.5 and
ρ = 3.7′′ (ESA, 1997), does not correspond to the spectro-
scopic companion. HD 8226 is thus a triple system.
HD 32835-6 (HIP 23814). G9 III + B8: V; ∆mV ≈ 0
(Ginestet & Carquillat, 2002). Very strong interstellar ex-
tinction (Parsons & Ake, 1993, Ginestet & Carquillat, 2002).
The spectral line of Ba II at 649.7 nm of the cool component
seems somewhat enhanced. Listed by Schmidtke (1979) as a
system observed during lunar occultations.
HD 45044-5 (HIP 30586). K1 III + B9 V; ∆mV ≈ 0.5
(Ginestet & Carquillat, 2002)
HD 55549-50 (HIP 35257). G7: III- + A2 V; ∆mV ≈ 1
(Ginestet & Carquillat, 2002).
HD 55684-5 (HIP 34935). K3 II + B7.5 (III); ∆mV ≈ 1
(Ginestet & Carquillat, 2002). The photometric model we
derived suggest that the secondary could be also evolved
above the main sequence. SB nature first detected at Mount
Wilson Observatory (Wilson & Joy 1952).
HD 59076-7 (HIP 36223). Classified G8 III + A0/2 by
Houk & Smith-Moore (1988). Ginestet et al (1999a) give
G9 II-III: for the cool component. SB nature first detected
at Mount Wilson Observatory (Moore & Paddock 1950).
HD 60966-7 (HIP 37041). Cool component is of type
G8 III (Ginestet et al. 1999a).
HD 181731-2 (HIP 95155). G7.5 III + A5.5 (IV);
∆mV ≈ 0.5 (Ginestet & Carquillat, 2002). Hartkopf
& McAlister (1984) tried, without success, to resolve that
binary by speckle interferometry.
HD 223932-3 (HIP 117824). Classified K0 III +
A5/A7 V by Hook & Smith-Moore (1988), and G9.5 III
+ A3:: (IV), with ∆mV ≈ 1.7, by Ginestet & Carquillat
(2002).
HDE 265334-5 (BD +8◦ 1534). G8.5 III + A2.5 (IV);
∆mV ≈ 0.2 (Ginestet & Carquillat 2002).
4 DISCUSSION
4.1 Periods and eccentricities
Although our sample is small, the e versus logP diagram
(Fig. 3) already presents the expected aspect for systems
including a cool evolved star (Griffin 1990; Boffin, Cerf &
Paulus 1993). In particular, the two systems having the
shortest orbital periods, namely HD 59076-7 (P = 133 days)
and HDE 265334-5 (P = 67 days), are those that show cir-
cularized orbits.
4.2 Mass functions and possible eclipsing systems
Six binaries of our sample, namely HD 32835, 45044, 55684,
59076, 60966, and 181731, have high values for the mass
function, f(m) ≥ 0.5M⊙ which may be an indication of a
high inclination i.
The mass function can be written as: f(m) = M2 sin
3 i/(1+
ρ)2, where ρ = M1/M2 is the ratio of the masses M1 and
M2 of the primary and secondary components, respectively.
Hence the orbital inclination i can be deduced from the val-
ues of f(m) (Table 1), and making some assumptions onM2
and ρ:
– M2, the mass of the hot component, can be rather well
determined using the spectral type given in Sect. 3 and
Schmidt-Kaler (1982)’s calibration. For HD 60966-7, as no
recent classification was available for the hot component, we
assumed a type A2, as quoted in the Henry Draper Cata-
logue.
– the mass ratio ρ is approximated by the typical value
of 1.2, found for such composite systems (Griffin, Carquillat
& Ginestet 2002; Ginestet & Carquillat 2002).
The corresponding derived values for i and sin i are given in
Table 2. For three systems, HD 59076, 60966, and 181731,
the large values of f(m) imply i ∼ 90◦. Hence, those systems
may be eclipsing systems.
4.3 Separation of components
We have then estimated the mean separation a for each sys-
tem (Table 2), from the values of a1 sin i obtained in Table 1:
a = a1 + a2 = (a1 sin i)× (1 + ρ)/ sin i, (1)
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Table 1. Orbital elements. In Col. 3, T0 is the epoch of periastron passage, except for HDE 265334, for which T0 corresponds to the
ascending node passage.
Name P T0 (JD) ω e K1 V0 a1 sin i f(m) σ(O−C)
days 2400000+ deg. km s−1 km s−1 Gm M⊙ km s−1
HD8226 456.345 49145.16 86.2 0.487 13.79 -9.91 75.58 0.083 0.40
±0.315 ±2.12 ±1.1 ±0.006 ±0.10 ±0.09 ±0.91 ±0.003
HD32835 288.464 45387.93 172.2 0.055 28.50 13.73 112.88 0.690 0.46
±0.025 ±3.01 ±3.8 ±0.004 ±0.11 ±0.07 ±0.46 ±0.008
HD45044 2242.92 46996.82 105.7 0.642 18.44 6.40 436.05 0.658 0.35
±3.53 ±7.30 ±0.7 ±0.005 ±0.11 ±0.08 ±5.50 ±0.023
HD55549 1044.67 46093.07 181.5 0.311 13.13 15.81 179.32 0.211 0.38
±0.66 ±4.64 ±1.4 ±0.006 ±0.09 ±0.06 ±1.65 ±0.006
HD55684 1352.91 47172.78 212.1 0.217 18.09 16.40 328.55 0.774 0.27
±1.07 ±6.24 ±1.3 ±0.005 ±0.08 ±0.06 ±2.09 ±0.014
HD59076 132.820 48692.13 186.8 0.009 34.34 23.11 62.71 0.558 0.37
±0.012 ±8.76 ±23.8 ±0.003 ±0.12 ±0.08 ±0.22 ±0.006
HD60966 601.531 48003.85 234.3 0.152 21.05 32.62 172.08 0.562 0.38
±0.322 ±4.02 ±2.5 ±0.005 ±0.13 ±0.09 ±1.28 ±0.012
HD181731 352.784 44907.15 169.8 0.308 24.80 -25.24 114.49 0.482 0.43
±0.047 ±0.80 ±1.0 ±0.004 ±0.12 ±0.08 ±0.74 ±0.009
HD223932 264.668 45614.66 282.0 0.509 25.85 -3.70 81.00 0.303 0.36
±0.024 ±0.34 ±0.6 ±0.004 ±0.14 ±0.07 ±0.67 ±0.007
HD265334 67.4292 45384.30 0.0 0.000 34.90 22.21 32.36 0.298 0.54
±0.0020 ±0.11 ±0.0 ±0.000 ±0.13 ±0.08 ±0.12 ±0.003
with ρ = 1.2 as above.
The quoted distances in Col. 8 of Table 2 are derived from
Hipparcos parallaxes, when available. For HD 55684, Hip-
parcos parallax was aberrant (negative!); its distance could
be deduced from the spectroscopic parallax with the spectral
type determined by Ginestet & Carquillat (2002). Note that
Hipparcos parallaxes are very imprecise for the most distant
objects. For instance, the relative errors on the parallaxes of
HD 59076 and HD 60966 are 130% and 360%, respectively.
The mean angular separations we obtain (Col. 9 of Ta-
ble 2) are very small (≤ 0.010′′), mainly because of the large
distances from the Sun. Unfortunately the nearest objects
(HD 32835 and HD 181731) have also small linear separa-
tions (∼1.7 A.U.). Multiple telescope interferometry will be
required to resolve those systems.
4.4 Synchronism
HDE 265334-5 has a circular orbit and may have reached
synchronism. The relationship that links the rotational ve-
locity Vsync to the radius Rsync of a star which has reached
synchronism (assuming coplanarity of the two motions):
Rsync = Vsync × P/50.6 (2)
(P in days, Rsync in R⊙, and Vsync in km s
−1). The projected
rotational velocity of the primary, as measured from the cor-
relation dips of CORAVEL data, is 7 ± 1 km s−1. Assum-
ing sin i = 0.832 (Table 2), we find Rsync = 11.2 R⊙. This
value is plausible for a star of type G8.5 III (Sec 3), since
Schmidt-Kaler (1982) gives radii in the range 10—15 R⊙
for G5-K0 III stars. Hence HDE 265334-5 is likely to have
reached the synchronism state.
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Figure 1. RV curves computed with the orbital elements of Table 1: (a) HD 8226, (b) HD 32835, (c) HD 45044, (d) HD 55549, (e)
HD 55684, and (f) HD 59076. The origin of the phases corresponds to the periastron passage for all systems.
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Figure 2. RV curves computed with the orbital elements of Table 1: (a) HD 60966, (b) HD 181731, (c) HD 223932, and (d) HD 265334.
For HD 265334, which has a circular orbit, the ascending node is taken as the origin of the phases. For the other systems, the origin of
the phases corresponds to the periastron passage.
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Figure 3. Diagram “eccentricity versus log(period)” for the ten objects of our sample
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Table 2. Estimated values of i and a for our sample
Name V a1 sin i i sin i i a a d a
(mag) (Gm) (deg) (Gm) (A.U.) (pc) ′′
HD 8226 7.07 75.58 0.517 31 321.36 2.14 455 0.005
HD 32835 7.64 112.88 0.958 73 259.26 1.73 228 0.008
HD 45044 6.85 436.05 0.983 80 975.63 6.50 621 0.010
HD 55549 7.84 179.32 0.742 48 531.69 3.55 352 0.010
HD 55684 7.19 328.55 0.908 65 795.83 5.31 817 0.006
HD 59076 7.55 62.71 1 ∼90 137.95 0.92 1370 0.0007
HD 60966 8.24 172.08 1 ∼90 378.58 2.52 3230 0.0008
HD 181731 7.64 114.49 1 ∼90 251.88 1.68 228 0.007
HD 223932 7.36 81.00 0.887 63 200.86 1.34 433 0.003
HD 265334 9.1 32.36 0.832 56 85.52 0.57 — —
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Table 3. RV s and (O − C) residuals for HD 8226.
HD8226
Date (JD) Cycle RV (O − C)
2400000+ km s−1 km s−1
48970.34 -0.38 -7.4 -1.1
48972.32 -0.38 -6.1 0.0
49000.39 -0.32 -4.2 -0.4
49002.38 -0.31 -3.9 -0.2
49317.41 0.38 -14.9 -0.3
49318.39 0.38 -14.5 0.0
49320.44 0.38 -14.3 0.0
49640.57 1.09 -23.3 -0.4
49643.43 1.09 -23.2 -0.1
49715.30 1.25 -19.0 0.2
49727.28 1.28 -17.2 1.0
49783.29 1.40 -14.1 -0.2
50124.34 2.15 -23.6 -0.9
50323.61 2.58 -7.7 -0.2
50326.63 2.59 -6.6 0.7
50414.46 2.78 0.2 0.0
50418.51 2.79 0.5 0.0
50476.32 2.92 4.3 0.1
50481.28 2.93 3.2 -0.7
50739.52 3.49 -10.7 -0.1
50746.50 3.51 -9.9 0.2
50834.32 3.70 -2.7 0.4
50976.60 4.01 -12.4 -0.1
51106.48 4.30 -17.7 -0.3
51110.43 4.31 -17.0 0.1
51185.38 4.47 -10.7 0.7
51811.43 5.84 2.5 -0.2c
51826.58 5.88 4.2 0.3c
51837.53 5.90 4.3 0.0c
51848.49 5.92 4.6 0.6c
51852.51 5.93 3.9 0.2c
51861.52 5.95 2.1 0.2c
51868.60 5.97 -1.0 -0.5c
51873.49 5.98 -2.6 0.2c
51878.50 5.99 -5.8 -0.2c
51885.38 6.00 -9.8 0.1c
51892.34 6.02 -14.0 0.1c
51900.42 6.04 -17.9 0.1c
51906.38 6.05 -20.1 0.0c
51916.34 6.07 -21.9 0.4c
51923.28 6.09 -22.6 0.4c
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Table 4. RV s and (O − C) residuals for HD 32835.
HD32835
Date (JD) Cycle RV (O − C)
2400000+ km s−1 km s−1
45338.50 -0.17 4.9 0.0
45340.43 -0.16 3.3 -0.4
45343.43 -0.15 2.0 0.2
45344.42 -0.15 1.4 0.2
45345.41 -0.15 1.1 0.5
45598.61 0.73 22.1 -0.3
46334.63 3.28 16.2 -0.8
46335.66 3.29 17.1 -0.5
46715.70 4.60 38.5 0.6
46720.62 4.62 36.3 -0.2
46722.59 4.63 35.8 -0.1
47099.54 5.93 -12.0 -0.7
47101.56 5.94 -12.3 -0.2
47108.78 5.97 -14.3 0.0e
47461.55 7.19 1.6 1.0
47465.57 7.20 3.6 0.6
47605.34 7.69 28.6 -0.4
47609.30 7.70 26.7 -0.3
47868.51 8.60 38.4 0.3
47872.46 8.61 37.7 0.6
47966.36 8.94 -11.6 0.3
48135.64 9.53 39.6 -1.1
48261.49 9.96 -12.9 1.1
48265.35 9.97 -14.8 0.2
48292.50 10.07 -14.0 0.6s
48641.48 11.28 17.0 0.5s
48672.36 11.39 32.6 0.2
48739.34 11.62 36.1 -0.6s
48940.63 12.32 22.9 0.3
48967.52 12.41 35.3 0.4
49317.55 13.62 36.9 0.6
49323.49 13.64 34.5 0.2
49356.52 13.76 17.8 0.0
49360.57 13.77 15.5 0.2
49426.30 14.00 -16.0 0.1
49430.36 14.01 -16.3 0.0
49640.59 14.74 20.5 0.1
49783.30 15.24 9.4 0.3
49786.32 15.25 10.8 -0.2
50123.39 16.42 35.2 -0.3
50127.36 16.43 36.6 -0.1
50164.31 16.56 40.5 0.3
50193.31 16.66 32.4 -0.2
50323.64 17.11 -11.7 -0.9
50420.56 17.45 38.1 0.1
50480.34 17.65 33.1 -0.1
50738.61 18.55 40.1 -0.3
50746.52 18.58 39.5 0.1
50834.36 18.88 -4.3 -0.2
50839.41 18.90 -7.3 -0.5
51185.43 20.10 -13.0 -0.8
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Table 5. RV s and (O − C) residuals for HD 45044.
HD45044
Date (JD) Cycle RV (O − C)
2400000+ km s−1 km s−1
46486.40 -0.23 18.1 1.0
46865.30 -0.06 20.8 0.0
47098.65 0.05 -15.4 -0.2
47099.58 0.05 -15.3 -0.1
47462.71 0.21 -3.2 0.2
47465.62 0.21 -3.1 0.2
47600.36 0.27 -0.7 -0.4
47605.40 0.27 -0.2 0.0
47867.57 0.39 5.0 0.5
47871.52 0.39 4.5 0.0
47965.32 0.43 5.8 -0.2
48135.66 0.51 8.5 0.1
48264.46 0.57 10.2 0.0
48674.41 0.75 16.4 0.2
48676.33 0.75 16.5 0.3
48937.57 0.87 20.5 0.0
48967.68 0.88 20.2 -0.7
48970.60 0.88 20.9 -0.1
49000.56 0.89 21.4 0.1
49030.44 0.91 21.7 0.1
49052.34 0.92 21.6 0.0
49065.40 0.92 21.6 0.0
49123.32 0.95 20.2 0.1
49317.59 1.03 -14.9 0.0
49320.64 1.04 -14.6 0.4
49429.34 1.08 -12.9 -0.4
49643.60 1.18 -5.3 -0.3
49785.35 1.24 -1.5 0.0
50124.40 1.39 5.2 0.5
50194.30 1.43 5.2 -0.6
50325.65 1.48 7.1 -0.6
50415.57 1.52 8.9 0.0
50480.45 1.55 10.0 0.1
50738.66 1.67 13.0 -0.5
50834.53 1.71 14.6 -0.3
51106.66 1.83 18.9 -0.4
51186.51 1.87 21.0 0.4
51505.59 2.01 -8.0 -0.1
51823.68 2.15 -6.2 0.7c
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Table 6. RV s and (O − C) residuals for HD 55549.
HD55549
Date (JD) Cycle RV (O − C)
2400000+ km s−1 km s−1
45338.60 -0.72 21.2 0.5
45339.55 -0.72 21.2 0.5
46489.48 0.38 24.2 0.4
46865.39 0.74 20.0 0.7
47099.68 0.96 -0.7 -0.5
47282.33 1.14 10.1 -0.6
47287.38 1.14 10.8 -0.4
47459.71 1.31 22.0 0.1
47600.38 1.44 24.3 -0.4
47607.35 1.45 23.8 -0.9
47867.67 1.70 20.6 -0.5
47964.39 1.79 16.2 0.1
47968.49 1.80 16.0 0.2
48262.57 2.08 4.3 0.4
48676.38 2.47 25.0 0.2
48940.69 2.73 19.8 -0.2
48969.47 2.75 18.9 0.4
49317.70 3.09 4.8 -0.2
49320.52 3.09 5.3 0.0
49426.41 3.19 15.4 0.0
49465.37 3.23 17.8 -0.2
49642.66 3.40 24.0 -0.1
49781.46 3.53 25.3 0.6
50123.52 3.86 9.9 -0.4
50127.52 3.86 10.1 0.2
50164.34 3.90 6.3 0.1
50192.38 3.92 3.0 -0.3
50324.66 4.05 0.9 -0.3
50414.57 4.14 10.8 0.3
50416.54 4.14 10.9 0.2
50478.47 4.20 15.7 -0.2
50836.48 4.54 24.2 -0.5
50974.34 4.67 21.9 -0.2
50976.36 4.67 21.6 -0.4
51109.62 4.80 14.9 -0.4
51186.61 4.88 9.1 0.6
51256.31 4.94 0.9 -0.5
51572.41 5.25 19.1 0.1
51959.33 5.62 24.2 0.6
52328.48 5.97 0.0 0.6c
52341.48 5.98 -1.3 -0.2c
52360.42 6.00 -1.0 0.4c
52368.42 6.01 -1.3 0.0c
52371.40 6.01 -1.4 -0.1c
52381.40 6.02 -0.7 0.2c
52391.38 6.03 -0.1 0.3c
52417.39 6.05 1.3 -0.2c
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Table 7. RV s and (O − C) residuals for HD 55684.
HD55684
Date (JD) Cycle RV (O − C)
2400000+ km s−1 km s−1
47100.70 -0.05 -5.2 -0.2
47459.68 0.21 25.6 0.1
47463.71 0.22 25.5 -0.2
47601.41 0.32 30.6 0.0
47608.33 0.32 31.1 0.4
47868.60 0.51 27.6 -0.2
47966.43 0.59 23.7 -0.3
48266.57 0.81 4.7 0.2
48673.41 1.11 13.5 0.1
48940.66 1.31 30.0 -0.4
48969.58 1.33 31.3 0.4
49319.59 1.59 24.0 0.0
49325.60 1.59 24.2 0.5
49427.42 1.67 18.4 0.2
49641.64 1.82 2.4 -0.4
49784.34 1.93 -4.5 0.4
49786.34 1.93 -5.0 -0.1
50078.53 2.15 18.8 0.0
50123.43 2.18 22.6 0.0
50192.36 2.23 27.0 0.0
50415.51 2.40 30.6 -0.4
50476.44 2.44 30.5 0.2
50740.71 2.64 20.1 -0.4
50834.46 2.71 14.9 0.2
51107.69 2.91 -4.2 -0.1
51185.50 2.97 -4.3 0.3
51240.33 3.01 -1.9 -0.3
52650.53 4.05 4.0 0.0c
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Table 8. RV s and (O − C) residuals for HD 59076.
HD59076
Date (JD) Cycle RV (O − C)
2400000+ km s−1 km s−1
48675.42 -0.13 -3.9 -0.1
48940.67 1.87 -3.6 -0.2
49319.61 4.72 24.7 -0.1
49324.60 4.76 16.8 0.0
49325.61 4.77 15.5 0.3
49429.31 5.55 54.4 0.3
49431.32 5.57 52.7 0.1
49641.70 7.15 5.8 -0.6
49783.35 8.22 20.8 0.7
49786.35 8.24 24.7 -0.3
49787.39 8.25 26.7 0.1
50078.53 10.44 56.2 0.3
50124.43 10.78 11.8 -0.4
50165.31 11.09 -3.2 0.1
50172.37 11.14 5.5 0.0
50177.30 11.18 13.1 0.3
50192.30 11.29 37.1 0.3
50194.33 11.31 39.4 -0.2
50414.63 12.97 -11.9 -0.5
50418.61 13.00 -11.5 -0.1
50420.59 13.01 -10.3 0.5
50477.57 13.44 55.6 -0.6
50481.45 13.47 57.4 0.3
50738.71 15.41 53.6 -0.2
50798.50 15.86 -0.8 0.8
50803.59 15.90 -7.0 -0.3
50837.46 16.15 7.0 0.1
51108.68 18.19 15.1 -0.4
51186.54 18.78 13.3 0.4
51573.43 21.69 30.8 -0.6
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Table 9. RV s and (O − C) residuals for HD 60966.
HD60966
Date (JD) Cycle RV (O − C)
2400000+ km s−1 km s−1
47608.34 -0.66 51.6 0.2
47609.33 -0.66 51.4 0.0
47868.62 -0.22 15.5 -0.1
47871.61 -0.22 15.3 0.1
47967.32 -0.06 11.2 -0.4
48266.53 0.44 47.1 -0.4
48675.41 1.12 38.2 0.4
48940.66 1.56 38.1 0.1
48969.60 1.61 34.2 0.9
49319.59 2.19 46.6 0.0
49325.61 2.20 47.5 0.0
49429.33 2.37 51.5 0.8
49641.68 2.72 20.6 -0.3
49783.36 2.96 13.6 0.4
49787.35 2.96 14.3 0.4
50078.54 3.45 45.8 -0.9
50123.44 3.52 41.6 0.5
50192.34 3.64 29.8 -0.1
50414.64 4.01 19.3 -0.3
50419.61 4.02 20.9 0.0
50442.65 4.05 27.1 -0.3
50477.50 4.11 37.3 0.1
50740.70 4.55 38.6 -0.2
50803.60 4.65 27.8 -0.4
50834.48 4.71 22.8 0.1
51106.68 5.16 43.3 -0.2
51185.52 5.29 51.4 -0.3
51573.45 5.93 11.4 0.1
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Table 10. RV s and (O − C) residuals for HD181731.
HD181731
Date (JD) Cycle RV (O − C)
2400000+ km s−1 km s−1
44862.39 -0.13 -32.4 1.1
44863.35 -0.12 -34.0 0.1
44864.33 -0.12 -35.1 -0.5
44865.38 -0.12 -35.4 -0.1
45202.41 0.84 -26.3 0.4
45204.43 0.84 -28.0 -0.3
45207.39 0.85 -29.6 -0.4
45595.36 1.95 -50.8 -0.3
46225.56 3.74 -14.5 0.1
46227.54 3.74 -14.8 0.3
46296.41 3.94 -47.5 0.3
46301.40 3.95 -51.1 -0.3
46333.32 4.04 -56.0 0.1
46719.30 5.14 -39.6 0.6
47098.27 6.21 -27.9 0.1
47461.27 7.24 -24.2 0.0
47464.33 7.25 -23.2 0.0
48128.41 9.13 -42.0 -0.7
48133.41 9.15 -38.7 0.0
48137.32 9.16 -36.6 0.1
49141.61 12.00 -57.1 0.2
49144.57 12.01 -57.4 0.1
49640.36 13.42 -11.0 -0.3
50192.66 14.98 -55.7 -0.1
50324.32 15.36 -13.6 0.2
50328.40 15.37 -13.0 0.1
50414.29 15.61 -8.7 -0.2
50420.25 15.63 -9.3 -0.4
50609.58 16.16 -35.7 -0.4
50615.57 16.18 -32.7 -0.2
50738.31 16.53 -8.1 -0.1
50746.27 16.55 -7.8 0.2
50839.75 16.82 -24.0 -0.5
50976.49 17.20 -29.0 0.0
51002.53 17.28 -19.8 0.2
51106.27 17.57 -7.9 0.1
51758.52 19.42 -9.8 0.7c
51761.46 19.43 -11.3 -1.1c
51765.50 19.44 -10.2 -0.4c
51768.46 19.45 -9.3 0.2c
51771.39 19.46 -9.9 -0.6c
51785.40 19.50 -8.3 0.1c
51790.46 19.51 -8.6 -0.4c
51841.32 19.66 -9.5 0.3c
51852.27 19.69 -10.8 0.4c
52089.58 20.36 -12.3 1.3c
0000 RAS, MNRAS 000, 000–000
Spectroscopic orbits 15
Table 11. RV s and (O − C) residuals for HD 223932.
HD223932
Date (JD) Cycle RV (O − C)
2400000+ km s−1 km s−1
45596.50 -0.07 -23.3 0.2
45600.46 -0.05 -20.0 0.3
46008.39 1.49 -4.8 0.8
46015.36 1.51 -7.2 0.0
46296.59 2.58 -10.9 0.0
46297.57 2.58 -11.2 -0.1
46333.51 2.72 -19.2 -0.1
46337.46 2.73 -19.9 0.1
46721.44 4.18 17.5 0.6
47099.38 5.61 -12.8 0.0
47461.46 6.98 -8.0 0.0
47465.44 6.99 0.5 0.2
47870.32 8.52 -8.4 -0.7
47874.34 8.54 -8.4 0.2
48129.52 9.50 -6.4 0.1
48132.56 9.51 -6.8 0.3
48136.54 9.53 -7.8 0.2
48137.54 9.53 -8.4 -0.1
48262.24 10.00 6.2 -0.1
48266.23 10.02 13.6 -0.3
48939.26 12.56 -9.7 0.3
48969.26 12.67 -16.3 0.4
48972.33 12.69 -17.4 -0.1
49318.32 13.99 0.8 0.1
49321.30 14.00 7.0 -0.1
49325.31 14.02 14.6 0.0
49640.45 15.21 13.9 -0.3
49642.42 15.22 13.4 -0.2
50324.56 17.80 -23.3 0.4
50328.57 17.81 -24.9 -0.4
50414.32 18.13 21.3 0.0
50418.34 18.15 20.5 0.6
50420.29 18.16 18.7 -0.5
50478.24 18.38 0.7 -0.8
50481.23 18.39 0.1 -0.6
50614.62 18.89 -27.4 -0.7
50740.43 19.37 2.0 -0.1
51107.38 20.75 -20.8 0.5
51137.33 20.87 -27.0 -0.3
51185.25 21.05 23.0 0.2
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Table 12. RV s and (O − C) residuals for HD 265334.
HD265334
Date (JD) Cycle RV (O − C)
2400000+ km s−1 km s−1
45342.53 -0.62 -2.2 1.2
45343.52 -0.60 -5.0 0.4
45344.48 -0.59 -7.9 -0.7
45345.53 -0.57 -7.7 1.2
47100.71 25.46 -11.6 -0.3
47609.41 33.00 56.4 -0.7
47867.68 36.83 39.0 0.1
47868.56 36.84 41.8 0.4
47871.57 36.89 50.0 1.3
47874.55 36.93 53.5 -0.4
47967.36 38.31 9.2 -0.6
47969.34 38.34 4.5 0.5
48261.53 42.67 6.0 0.5
48266.52 42.74 20.4 -0.6
48672.45 48.76 25.2 -0.1
48673.34 48.78 28.0 -0.3
48674.37 48.79 31.6 0.0
48676.35 48.82 37.8 0.3
48937.66 52.70 11.3 0.3
48938.66 52.71 14.7 0.7
48940.61 52.74 21.1 0.8
48967.57 53.14 43.9 -0.4
48969.53 53.17 38.9 -0.1
48970.54 53.19 35.2 -0.8
49000.57 53.63 -1.8 -0.2
49003.55 53.67 6.0 -0.4
49317.60 58.33 5.0 0.0
49323.55 58.42 -8.0 0.5
49325.59 58.45 -11.1 -0.1
49377.41 59.22 28.5 -0.4
49426.32 59.94 54.4 -0.6
49431.34 60.02 57.4 0.5
49432.36 60.03 56.6 0.2
49465.33 60.52 -12.7 -0.4
49640.68 63.12 47.0 -0.1
49783.38 65.24 24.7 0.3
49785.39 65.27 17.8 -0.1
49787.37 65.30 11.8 0.3
50123.47 70.28 14.7 -0.2
50127.43 70.34 3.5 0.5
50194.32 71.33 3.4 -1.1
50327.66 73.31 10.1 1.1
50414.62 74.60 -6.0 -0.1
50476.43 75.52 -12.7 -0.2
50477.43 75.53 -12.0 -0.1
50478.43 75.55 -11.4 -0.3
50479.40 75.56 -10.4 -0.3
50480.41 75.58 -9.5 -0.9
50746.66 79.53 -12.8 -0.5
50835.45 80.84 41.2 -0.1
50837.41 80.87 46.1 -0.3
51186.47 86.05 55.7 0.2
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